Introduction
The big effect on soil erosion in Iraq comes from climate factors. The main factor which has major effect to case the soil erosion is rainfall. In addition, human activity could be other source to increase of soil erosion which impact on agriculture fi eld, construction building and water resource and so far. Therefore, the estimation of soil erosion become very important for the researchers and decision makers. Universal soil loss equation (USLE) is a method that was improved by Wischmeier and Smith (1978) . Renard, Foster, Weesies, McCool and Yoder (1997) modifi ed it and proposed for the fi rst time the name RUSLE for the updated framework. The equation is:
where:
A -annual soil loss [t·ha -1 ·year -1 ]; R -rainfall erosivity factor [MJ·mm·ha -1 ·h -1 ·year -1 ]; K -soil erodibility factor [t·h·MJ -1 ·mm -1 ]; LS -topographical factor (L -slope length; S -slope steepness) [-] ; C -crop management factor [-] ; P -conservation practice factor [-] .
Rainfall erosivity explains the erosion soil by the potential of rainfall as a numeric and is one of the key input parameters for (R)USLE modelling. Recently, rainfall erosivity has grown in importance because it has been used as an input parameter not only for modelling soil erosion but also for sediment yield, water quality modelling and other purposes thus, the accurate valuation of rainfall erosivity could be effective to better modelling results (Wischmeier, 1959; Renard et al., 1997) . The interval 15 or 30 min are very diffi cult obtain-ing that used to calculate erosivity factor also, the few weather stations were continually recorded of weather parameters in the past (Pérez-Sánchez & Senent--Aparicio, 2016) .
Therefore, the various equations were suggested by authors to give estimation of the R factor which depends on available information of stations that have recording of precipitation over a period of 24 h. Thus, Fournier index (Fournier, 1960) was used widely because it required few data. The average annual precipitation and monthly precipitation are the main parameters to calculate Fournier index. However, it was modifi ed by Arnoldus (1977) who suggested the modifi ed Fournier index (MFI). Also, others expressions was found by Renard and Freimund (1994) to fi nd R which depend on MFI such as exponential (R = 0.07397 · MFI · 1.847) and quadratic (R = 95.77 -6.081 · MFI + 0.477 · · MFI · 2). The exponential structure was used in recent research but with very difference of coeffi cients (Apaydin, Erpul, Bayramin & Gabriels, 2006) . Also, there are many structures could be complex and depend on functions which are sinusoidal or some variables such as latitude and longitude of the study area for example expressions were supposed by Davison et al. (2005) . De Luis, Gonzalez-Hidalgo and Longares (2010) fi nd trends of annual total precipitation (P t ), modifi ed Fournier index (MFI) and precipitation concentration index (PCI) and analyse the relationship between them which show the effect of rainfall during 1951-2000 in environments and its erosion risk. In this paper we attempted to estimate MFI by monthly rainfall data to fi nd the erosivity factor of Iraq and using Kriging method to represent the MFI.
Material and methods

Study area and data acquisition
The monthly rainfall data of 29 weather stations of Iraq are obtained from the Iraqi Meteorological Origination and Seismology (IMOS) of period 1980--2010. To describe the stations according to their places and the annual precipitation, the stations were divided to three kinds. Table 1 and Figure 1 show the information stations. The annual mean is estimated at 216 mm, but in the north--east, the ranges of rainfall graded from 1,200 mm to less than 100 mm which covers 60% of south of Iraq. The annual winter precipitation is over 400 mm of the northern zone stations with a Mediterranean climate. The middle stations is located between Desert and Mediterranean zones have annual precipitation in range of 200-400 mm in winter season. The southern stations which have places in Desert zone was distinguished by precipitation amount at 200 mm in winter season or less annually.
The selection of which mothed to estimate rainfall erosivity is more relevant from others is depends on intensity of torrential rainfall. The daily precipitation data was required for long period and various time intervals (15 and 30 min), the intensity and core position are required also therefore, because, these specifi c data are not obtained in Iraq, we used MFI which based on Fournier index to estimate the regional erosivity of rainfall. The formula of modifi ed Fournier index was:
where: MFI -modifi ed Fournier index [-]; P i -monthly total precipitation [mm]; P t -annual total precipitation [Mm] . The classes of erosivity rainfall were determined by means of the modifi ed Fournier index are shown in Table 2 .
Results and discussion
The behavior of MFI of all stations in Iraq is represented in the Figures 2, 3 and 4. The modifi ed Fournier index is Figure 2 explains the change of MFI with study period.
In the south zone, the fl uctuation of MFI is obvious and its values of most years of all stations are noticed in range of 0-60. Also, Amara station which are noticed more than 100 of MFI in south zone and minimum value happened in Najaf station that could be clear in Figure 4 . The relationship between MFI and annual rainfall of each station was explained in Table 3 . The linear regression equation to predict MFI and coeffi cient of determination were calculated. The minimum values of R 2 were noticed in Emadiyah, Teleafer, Khanqin and Nasiriyah stations that have value less than 0.5, however the maximum was noticed in Duhook station.
Figures 5, 6 and 7 show the change of MFI based on three decades. It could be clear that the 1980-1990 and 1990--2000 periods have same MFI's range but the spatial distribution of MFI is different between decades. Where, the maximum range could be similar in the north of Iraq but other ranges are very different obviously if we compare 44-64 range of period 1980-1990 with 45-65 range of period 1990-2000 which extend over wild area toward east and west of country.
On the other hand, the MFI's spatial distribution of 2000-2010 period has different range from other periods where maximum range is 116-136 and minimum range is 16-36. The minimum MFI' range of all periods cover most of our country that actually because the shortage of rainfall however there is variety of MFI in north of Iraq.
Conclusions
The modifi ed Fournier index is much fl uctuated and its range is different from zone to others where MFI was very high in the northern stations of country because most of years have MFI above 160 FIGURE 5. Modifi ed Fournier index's spatial distribution of period [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] or 120-160 that means the effective erosion on soil very high especially Emadiyah, Dukan, Sulaymaniyah and Salahaddin have maximum values of northern stations. Whereas, in the middle zone the stations have moderate erosion ef-fect on soil but most of years of study period have MFI like to the southern zone which the station have less than 60. The linear regression model is useful to predict MFI of most stations. Coeffi cient of determination has minimum values in Emadiyah, Teleafer, Khanqin and Nasiriyah stations that have value less than 0.5 however the maximum was noticed in Duhook station. The erosion on soil by rainfall obviously have a big effect and varity in the north of Iraq that due to receive varity and more amount of rainfall than other territories. On the other hand, the middle and south receive the smallest amount of rainfall, that means the erosivity effect smaller than north of Iraq. The period 2000-2010 has very small MFI because the shortage of rainfall therefore the erosivity effect in 1980-1990 and 1990-2000 decades was bigger than 2000-2010 decade.
Summary
Using monthly rainfall data to estimate rainfall erosivity factor of Iraq. The erosivity factor have a major effect on soil therefor a lot off researchers are interested about it. Actually, the erosivity depend on rainfall that could be a main source to water which effect on soil. To understand the erosivity factor in Iraq, we attempt to explain erosivity factor throughout 30 years (1980--2010) . Because of daily data of interval 15 and 30 min are not provided in this area, we used the Fournier modifi ed index (MFI) that based on monthly date of rainfall. Also, we applied linear regression equation between annual rainfall and the MFI to predict the variables and coeffi cient of determination was calculated. The study period divided to three decades and spatial distribution by Kriging method was used to interpolate the MFI of study area which calculate by ArcGIS 10.4.1. The results show that in the northern zone of Iraq MFI maximum values were recorded and in the range of MFI above 160. Moreover, in Emadiyah station the MFI excessed 250, which means the erosivity factor has a big effect on soil in this zone. Whereas, in middle zone, the MFI has range 0-120 but most of years of study period recorded 0-90 of the MFI. In southern zone, the MFI was 0-60 therefore the erosivity factor was moderated or law. The linear regression models were found for each station of study area and only Emadiyah, Teleafer, Khanqin and Nasiriya have weak coeffi cient determination.
